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In just 24 months’ time, a new, bi-directional 
Underwater Cable Communications System 
designed, manufactured and installed by the 
United States Underseas Cable Corporation 


will go into operation at the Atlantic Missile Range. 


Extending the present system 700 miles farther downrange, 
this USUCC cable installation will insure reliable real-time 
return of missile test data, and operating communications 


for all range elements. 


UNITED STATES 
UNDERSEAS CABLE CORPORATION 


2001 Wisconsin Avenue, N. W., Washington 7, D. C. 

300 Park Avenue, New York 22, N. Y. 

A joint enterprise of Phelps-Dodge Corporation, Northrop Corporation and 
Felton & Guilleaume Cariswerk AG. 
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undersea technology 


COVER: The cover picture of this issue originally 
appeared as an illustration in VANTAGE, an interna! 
publication of the Defense Systems Department, De- 
fense Electronics Division, of General Electric. 


The artist, Hams Otten, of GE was given the 
assignment of symbolizing the vast treasure of 
inmerspace. The entire undersea technology industry is 
challenged to tap the resources of this rich, yet 
‘argely unknown, realm. 
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Smallest, lightest airborne Sonobuoy Receiver yet 


The General Dynamics/ Electronics AN/ ARR-52 Sonobuoy Receiver, 
designed for sonobuoy monitoring by ASW aircraft, offers higher 
reliability, extreme light weight and compactness. It operates in the 
VHF range, allowing the tracking of signals with considerable 
frequency drift. 


The AN/ ARR-52 Sonobuoy Receiver requires only a fraction of the 
power needed by receivers in current use, occupies much less space 
and is {ar lighter. The receivers can accept simultaneous signals from 
two, four or six sonobuoys, and make use of non-complex broad- 
band | F. amplifiers. Moreover, the receivers are immune to acoustical 
and mechanical vibration, a product of almost total solid-state 
engine «ring. Sensitivity characteristics are outstanding. The General 


Dynamics/Electronics AN/ARR-52 has the lowest noise figure eve 
achieved in a production sonobuoy receiver. 


The Sonobuoy Receiver represents another step ahead of the stat 
of the art in the development and production of ASW equipmer 
for national preparedness by General Dynamics/ Electronics. 


For further information about ASW research and developmer) 
capabilities at General Dynamics/ Electronics, write for the illumina 
ing facts to: 
Military Products Division 
1400 North Goodman Street 
Rochester 3, New York 


GENERAL DYNAMICS ELECTRONICS 
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editorial 


security ... the mess around 


Security is a necessary evil—when it works. 
When it doesn’t work, it’s just evil. It smothers 
the creative engineering intellect of this coun- 
try in the boundless red tape of bureaucratic 
procedures and the black cloak of ignorance. 

We are talking about the present govern- 
ment system of classifying information. This 
is an old saw that’s been played many times. 
We bring it up again solely because, though 
overworked in print and voice, it is still a mess. 
Our security system—the way it now works— 
enables Russia to enjoy a constant and current 
flow of information on our defense programs 
and technologies, but it plays hell with Ameri- 
can industry’s efforts to do as much. 

The classification mess grew like topsy and 
thrives like an amoeba—growing, growing, 
growing. No particular administration can be 
blamed for letting it get out of hand and none, 
so far, can take any credit for ameliorating 
the situation. 

It has become a regular ritual that each new 
Secretary of Defense brings with him a new 
information specialist, following which a per- 
iod of more intense idiocy seems to overtake 
the five-sided puzzle palace—as note one re- 
cent directive stating that just because an item 
has been cleared once for publication does 
not mean that it will necessarily be cleared a 
second time! 

One of these days perhaps a man will as- 
sume this position who not only has some idea 
of the problem, pro’s, and con’s of military 
classification, but who will also do something 
constructive about it. Just what, we can’t pre- 
dict, but as a starter we'd suggest: 

Cut the size of the classified package. Make 
it small enough so that it can be effectively 
secured, so that vital leaks can be traced readi- 
ly to their source. 

Stamp dates on each document by which 
time the classification automatically down- 
grades or simply becomes inoperative—bar- 
ring positive action to renew the classification. 
This has been started but procedure should 
be more widely and rapidly applied. 

Break DOD security classification into two 


distinct areas to operate under different rules 
and philosophies . . . 

. . +. 1) military plans and hardware per- 
formance: This data to be held in strictest 
security until such time as the plans are so 
far along in execution and the hardware in 
such wide field service use as to make further 
classification useless. 

. .. 2) technological developments: These 
should seldom be classified (except as to spe- 
cific application) unless it is a truly major 
breakthrough with a direct and vital bearing 
on a specific piece of hardware. Modern mili- 
tary superiority depends in very large mea- 
sure on technological superiority in the field— 
not just in locked file cabinets. And, the ad- 
vance of science and engineering is directly 
proportional to the free flow and exchange of 
information and ideas. The more demanding 
the field of endeavor, the more this is true. 

“Need to know” should be severely enforced 
in the case of military plans, weapon perform- 
ance, etc. It should be virtually eliminated in 
the case of technological developments, for 
how does a project engineer with a problem 
know where he will find the solution until 
after he has found it? Too often a develop- 
ment in a completely unrelated field provides 
the answer. 

Penalties should be as severe for over-zeal- 
ous use of the classification stamp as for care- 
less talk. Now, it’s easier and “safer” to classi- 
fy. 

Point is: So much is classified today that 
nothing is secure. The more information re- 
leased to industry, the better the job industry 
can do. Also, however, the more information 
released, the easier Russia’s job is made. Be- 
tween these two points is sound middle ground. 
Somebody should determine what this is, for 
we’re a long way from it now, and it’s hurting 
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e 30 years of experience in the design and production of electroacoustic 

transducers with proven reliability for continuous underwater operation. 

at 

e- LONG EXPERIENCE in the use of all types of transducer materials .. . 

y PIEZOELECTRIC CRYSTALS, POLARIZED CERAMICS, MAGNETOSTRICTION, ELECTROMAG- 

n NETIC and ELECTRODYNAMIC SYSTEMS . . . permits impartial analysis to achieve 

> the best operational functions for each application. ) 

d. SPECIALIZED FACILITIES for the development and production of sonar 

or 7 transducers, are complemented by a staff of more than 200 engineering and pro- 

ig duction personnel operating in a completely equipped modern 60,000 sq. ft. plant. 


A few openings are available for qualified electroacoustic engineers. 
7 Send outline of experience to the attention of Mr. Frank Massa 


VASSA DIVISION COHU ELECTRONICS, INC., HINGHAM, MASS. | 
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Water-Tite Plugs / Underwater 
Cable Assemblies / Hydro- 
phone Array Cables / 
Underwater Junction Box 
Assemblies / High Voltage 
Connectors Designed for 
20,000 psi service 


MARSHCOMARINE 


Manufacturing Company, Inc. 


5123 Gulfton Drive, Houston 36, Texas 
MOhawk 7-9177 
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undercurrents 


Undersea technology firms with interest and capabilities needed to help 
solve this nation’s oceanographic problems will have an opportunity, during 
the week of August 14, to become better acquainted with what these prob. 
lems amount to and what course should be taken to solve them. The con. 
ference—first of its kind—will be held under the sponsorship of the newly 
formed Interagency Committee for Oceanography, chaired by the Hon. James 
H. Wakelin, Jr., Assistant Secretary of the Navy (Research and Develop. 
ment). Participating Agencies are: Atomic Energy Commission; National 
Science Foundation; Dept. of Health, Education and Welfare; Dept. of De. 
fense (Army Beach Erosion Board, Air Force Terrestrial Labs., Office of 
Naval Research, Navy Hydrographic Office, Navy Labs.); Dept. of Interior 
(Geological Survey and Bureaus of Sport Fisheries, Commercial Fisheries, 
and Mines); Dept. of Commerce (Weather Bureau and Coast and Geodetic 
Survey); Dept. of the Treasury (Coast Guard). 


Objective of the National Oceanographic Program to be carried out by the 
Interagency Committee is: “To acquire the understanding of the ocean and 
to translate this understanding into operational concepts and hardware 
which will enable the United States and its allies to exploit our peculiarly 
oceanic position militarily . . . economically .. . and politically.” Of imme. 
diate interest is the collection of all available oceanographic data and to 
have same turned over to the Oceanographe Data Center for reduction and 
coordination. The Data Center has been in operation at the Naval Weapons 
Plant since January 1961. 


The August conference—to be held in Washington, D. C.—will, among 
other things, deal with getting sensors and establishing methods for most 
efficient collection and turn-over of data to the Center. It is hoped that work 
with the data will gain interest on a large-scale, nation-wide basis, and that 
the first hardware and operational concepts resulting from the data and 
follow-on research—pure as well as applied—will be available for two new 
oceanographic vessels expected to go into operation in mid-Fiscal Year 1963. 


* 


Hon. George P. Miller, Calif., chairman of the House of Representatives 
Subcommittee on Oceanography of the Committee on Merchant Marine and 
Fisheries, has submitted a bill to the House proposing that the name of 
Navy Hydrographic Office be changed to Navy Oceanographic Office and 
that the Hydrographer of the Navy be known as the Oceanographer of the 
Navy. The Hydrographic Office plays a very important role in the National 
Oceanographic Program discussed above. For example, the Oceanographic 
Data Center ise under Hydrographic Office Administration. 


* * * 


Navy’s ONR and prime contractor Hudson Labs. of Columbia University 
have attached tight security measures to Project ARTEMIS. Aside from 
what was offered in terms of information when the story broke some time 
ago, nobody is talking. All research organizations and hardware suppliers 
have standing orders to avoid any discussion of the project, for which about 
$6.8 million was spent in FY ’61, and which is the largest known effort in 
long-range sonar detection. The project, rated a high-priority requirement 
by Navy, whose toughest undersea problem remains surveillance, is part of 
Project TRIDENT, a large-area ccean surveillance research program which 
Navy hopes will lead to an operational underwater early warning system 
by 1966 or 1967. 


In addition to Hudson Labs., these contractors are making or have made 
significant contribution to Project ARTEMIS: J. Ray McDermott, Inc.; Ben- 
dix-Pacific Div. of the Bendix Corp.; Harris Transducer Corp.; General Elec- 
tric Co.; Hughes Aircraft Co.; IBM Federal Systems Div.; Edo Corp.; Space 
Technology Labs.; University of Michigan; PneumoDynamics Corp.; Massa 
Div. of Cohu Electronics; General Atronics Corp.; Simplex Wire and Cable 
Co.; Bell Telephone Labs.; Land Air, Inc.; Todd Shipyard; Avondale Marine 
Ways; Ling Electronics Div. of Ling-Temco Electronics; Welex Electronics 
Corp.; Marine Physical Lab. of University of Calif.; Woods Hole Oceano- 
graphic Institution; and Defense Systems Div., General Motors Corp. 
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RAYTHEON Outfits Nuclear Attack Submarines with LING 
Compact Package SUPER POWER SONAR TRANSMITTERS 


The heart of the Navy’s new nuclear attack fleet is in the detection systems used in each submarine. And high-powered 
electronics of the highest quality and reliability are essential to the entire ASW mission. As one of the primary centers of 
ASW, Raytheon Company turned to another leader—Ling—for specialized packaging know-how. As leaders in the 
field of super-power amplifiers for vibration testing, sonar, VLF transmitters and pulse modulators, Ling has the experi- 
ence needed to produce the high-powered compact package electronics necessary in the comprehensive detection systems 
of the Navy’s attack fleet. Drawing on its extensive background in building liquid cooled amplifiers ranging from 10,000 
to 5,000,000 watts, Ling manufactured the highest powered, most compact, submarine sonar transmitters to suit both 
Raytneon and Navy needs—packages that deliver more watts per cubic foot. Look to Ling for sonar and high power 
amp! fier electronics of highest quality for shipboard or land-based applications. For more information on Ling capabili- 
ties, vrite Dept. UE-761 at the address below. 


LING-TEMCO ELECTRONICS, INC. 


&S LING ELECTRONICS DIVISION 


1515 SOUTH MANCHESTER, ANAHEIM, CALIFORNIA + PRospect 4-2900 
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‘U.S. HYDRO-TECH 


AG West Street, New York City, 


SYSTEMS 


Designed te meet the most critical 
needs of underwater research scien- 
tists, designers, engineers and ocean- 
ographers, . . . U. S. HYDRO-TECH 
offers; 


PIEZOELECTRIC HYDROPHONES 
(High Pressure) capable of operati 
at UNLIMITED ecean witho 
damage or loss of sensitivity! Lab- 
oratory and field tested at hydre- 
static pressures up to 8000 psi. 


HYDROPHONE PREAMPLIFIERS 


used in conjunction with our stand- 
ard piezoelectric hydrophenes, de- 
signed to meet the most stringent 
requirements. Low amplifier self- 
noise and wide dynamic range per- 
mit measurements of acoustic signals 
down to zero sea-state ambient noise, 
and up te high-intensity “shet” sig- 
nals without undue ag | or 
blecking. Ample negative feedback 
insures goed gain stability and line- 
arity under extreme operating condi- 
tions. Amplifiers can be custom- 
designed to meet specific needs. 


UNDERWATER BEACONS 

designed as a portable underwater 
“Light House” can be bottom-moored 
at any desirable depth to provide an 
acoustic beacon for ship positioning, 
ship-pesition monitoring and 
tional aid. The beacon can be 
signed to produce a coded acoustic 
signal, continuously or on command. 
Self-contained, the units can operate 
for 50 hours or more. 


HYDROPHONE CALIBRATION SYSTEMS 

rmitting a rapid calibration of 

rophone sensitivity and frequency 
response from atmospheric pressure 
te psi. Based on a comparison 
method of calibration, this system 

vides a rapid means of calibrating 
bydre hones within + 1db/ubar of a 
supplied secondary standard hydro- 
4 frequencies from 20 cps. 
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capital report 


By E. E. Halmos, Jr. 


Here’s what’s ahead for undersea technologists, when the U.S. finally gets 
itself “off the ground” for a true all-out attack on problems of Oceanography 
(as outlined in Senate Bill 901) “to advance the marine scientists, etc.”: 

1) Mapping of the uncharted 98 percent of the ocean floor (as compared 
to some 60 percent of the moon’s surface already mapped); 2) location of 
almost inexhaustible sources of all identified natural elements—including, 
for example, well over 400 billion barrels of oil; 3) developing more exact 
information on the “chain of life” which supports the vast fish populations, 
with the hope that production of fish for food, chemicals, drugs and other 
purposes can be vastly increased; 4) developing better knowledge of how 
to prevent further pollution of the seas; 5) development of submarine 
“highways” for commerce and defense; 6) eventual control of weather; 
7) learning the geography of the sea for attack and defense; 8) vast improve- 
ments in accoustics and communications. 

You can see just how badly the U.S. is doing in this area—and how much 
needs to be done, from these figures: The “world ocean” covers 71 percent 
of the earth’s surface, and the U.S. has 12,255 miles of coastline—exceeded 
in length only by Canada and the Union of Soviet Socialist Republics. To 
explore this vast area, the U.S. Geological Survey has 15 ships in all—only 
one of them new, most of them 22 years or more old; the Coast Guard has 
six weather ships; private research organizations have six ocean-going 
research ships; the Bureau of Commercial Fisheries has 14 ships—ranging 
from 9 to 518 tons, the oldest of which is 35 years. 

Contrast that with Russia, which, according to the Senate group, is oper- 
ating more research ships than the entire free world—and operating them 
in all oceans. “Moreover”, says the committee, “the Soviet scientific ships 
are larger, better equipped, have more laboratories and accommodate more 
marine scientists than those of any other nation. In the Bering Sea alone, 
Russia is operating 60 to 90 trawlers, 15 to 20 large refrigeration ships— 
all equipped for oceanographic survey work. 

One important area of oceanographic research given little attention in 
previous studies is that of sound propogation—finding some means whereby 
a submarine commander may cruise in relative quiet, while at the same time 
being able to hear other vessels. A possible answer has been suggested by 
the existence of many layers of density in the sea: Idea is that it may be 
possible for astibmarine to find a “layer” where its own sounds are muffled, 
but from which it can detect other noises. 

Biggest area of potential improvement, however, is not in construction 
of ships or development of new devices. Instead, it is in increasing facilities 
for training engineers and oceanographers. In testimony before the Senate 
Committee, it was revealed that only six institutions of higher learning 
(U. of Washington, Oregon State; Johns Hopkins; Scripps Institute of 
Oceanography, U. of Southern California; Texas A&M and University of 
Miami) now give graduate degrees in Oceanography. And these graduate 
very few students each year—as few as five from Johns Hopkins—not 
because of lack of interest from students, but because of lack of facilities 
for their training. 

The bill brought out by the Commerce Committee this year (S 901) 
almost an exact duplicate of a bill okayed by the Senate in 1960 (S 2692) 
but which died in the closing rush of the 86th Congress. It calls for incor- 
poration of the Navy’s TENOC (Ten Years in Oceanography) program, 
and for a 10-year, $651.41 million expenditure which would include $276 
million for new ships; 147 million for shore research and survey facilities; 
$100 million for development of new devices and instruments; $8 million 
for education and training of marine scientists. 

It is interesting that another approach was attempted in the House: A 
bill (HR 4276) which would simply set up a “National Oceanographic 
Council” to coordinate research activities by some six federal departments 
already working in the field; set up national calibration and other standards. 
develop long-range plans, and make some loans to agencies engaged in explo- 
ration work. 
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EDO, specialist in underwater electronics, designs and manufactures a wide range of echo-ranging and 
92) listening sonar equipments for the Navy’s surface ships and submarines. Edo-built sonar “eyes”—looking 
wal upward, downward and ahead—have helped the nuclear submarines NAUTILUS, SKATE, SARGO and 
SEADRAGON navigate ice-surfaced polar seas. Edo sonar units give surface ships outstanding ASW 


$276 
ties: capability. AN/UQN units—deep depth sounders in quantity production by Edo—are standard equipment 
lion on every class of Navy ship for precise bottom scanning, and are also in world-wide use commercially. 
Fo: long range navigation, Edo also manufactures airborne and marine Loran that is standard equip- 
- ment aboard airliners and surface vessels the world over. 
ents 
rds. 
plo (CANADA) Ltd. 
Cornwall, Ontario 
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LATE NEWS 


Boeing has been awarded a contract by Navy /BuShips 
for design and construction of a 15-ton, twin hull hy- 
drofoil test craft. The 50-foot craft is expected to do 
100 knots powered by a turbofan jet engine. . .. A one- 
inch thick cable is about to make a 10,000-foot journey 
into the earth beneath Greenland’s icecap as part of a 
deep thermal core drilling project. The cable, designed 
and developed by U.S. Steel’s American Steel and Wire 
Div., eliminates the drill pipe by providing power to an 
ice melting element at the tip of the heated core barrel. . . . 
Under a $5-million contract with the USAF, United 
States Underseas Cable Corp. is going to install a 700- 
mile extension to the existing underwater communications 
network serving the Atlantic Missile Range. . . . A newly- 
formed Litton Industries’ Geophysical Projects Office 
plans to further expand R & D efforts in the field of 
oceanography. One area of specialization—ocean floor 
mapping. ... . Homing pigeons are under study by 
ONR with a newly developed system developed by Ameri- 
can Electronic Labs. Idea is—determine how pigeons fly 
home over unfamiliar terrain. 


MEETINGS 


“Reliable Information from Undersea to Outerspace” is 
the theme of the 16th annual ISA Instrument-Automation 
Conference being held Sept. 11-15, 1961 in Los Angeles. 
Association for Computing Machinery is holding their 
16th national conference Sept. 5-8 also in Los Angeles. 
During the 4-day session 90 technical papers will be pre- 
sented in 24 formal sessions. 


ELECTRONICS 


The ADDReSOR System (Analog to Digital Data 
Reduction System for Oceanographic Research) is being 
supplied to the Woods Hole Oceanographic Institition 
by Tele-Dynamics Div/American Bosch Arma Corp. 
Primary usage will be automatic conversion of analog 
data gathered in the study of ocean waves, and investi- 
gations of thermal micro-structure in thermocline. 


POWER 


New seawater batteries from Yardney Electric Corp. 
are activated by flow of seawater through them. The 
silver-zinc Silvercel batteries provide as much as six 
times the power of ordinary batteries. Yardney has also 
developed a new method of automatic activation for their 

rimary batteries. This system is currently part of the 


kheed-POLARIS project. 
ASW 


An extensive land-air-sea operation to determine 
the reliability of electronic devices used in the Navy's 
vital ASW defense program is being jointly undertaken 
by Brunswick Naval Air Station and Vocaline Company 
of America, Inc. Vocaline has implemented and is operat- 
ing a complete electronic test facility consisting of moni- 
toring station, laboratory and a 64-foot diesel-powered 
vessel provided by the Navy. 


12 


soundings 


The world’s fastest helicopter— the Sikorsky twin. 
turbine HSS-2—with a speed record of 192.9 mph, is 
scheduled to go into fleet service later this year. Ten 
HSS.-2's have been flown to the Naval Air Station at Key 
West for the start of large scale training of pilots and 
ground crew in the Fleet Introduction Program (FIP), 


R&D 


“Ships of the Future” was the topic of an address 
made by RAdm. Ralph James, Chief,/BuShips, at the 59th 
annual convention of the Navy League. A very small 
BuShip group—devoted entirely to formulating “far. 
future’ concepts—are investigating, among other things, 
submersible aircraft carriers, according to Adm. James. 
Future submarine design will depend largely on the re- 
sults of experimentation with test vehicles ALBACORE 
(revolutionary hull form) and the AGSS (Experimental 
Deep Diving Submarine). Both subs are exploiting the 
limits of present technology, covering advanced weapons 
evaluation, acoustic and oceanographic research, higher 
speeds, noise reduction, dynamic stability, greater depths, 
increased maneuverability, etc., etc. 


NEW TECHNOLOGIES 


The first known underwater analysis of the 
ocean's radioactive sources have been made by the Navy 
Ordnance Lab with a new ultra-sensitive radiation mea- 
suring device called DUNC—Deep Underwater Nuclear 
Counting—sensitive enough to detect one atom of radium 
in a billion billion molecules of water! 


Contour ‘Curning— 


—tailored to undersea technology 


Specialists in— 


Aluminum Nimonics 
Magnesium A-286 
Titanium Waspalloy 
Aircraft Steels Molybdenum 
5% Cr HWDS Tungsten 
Tool Steels Columbium 
Inconels Tantalum 


For close tolerances, high finish, and 
on-time delivery of production tool- 
ing, critical undersea components. 


JOODWIN ENGINEERING CORP. 


7 NORTH SECOND AVENUE - MAYWOOD, ILLINOIS ~ Fillmore 3-4500 
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Researched, developed, manufactured 
and tested ...in house by Brunswick 


~ a 


ROCKET MOTOR CASE, Brunswick's exclusive bi-axial 
Strickland “B” Process of fiber glass filament winding gives 
S-D ratio to 2,000,000, provides up to 7,500,000 psi 
modulus. By laying down filaments under tension, SBP 
excels in making cylindrical shapes, unusual contours, 
large range of sizes. Pre-stressing gives exactly controlled 
uniformity. 


HONEYCOMB ASSEMBLIES now developed by Bruns- 


wick can support two million times their own weight. 
Brunswick research has created honeycomb assemblies of 
Paper, fiber glass, aluminum and various combinations of 
these materials. Using the most advanced adhesive sys- 
tems, these assemblies can be formed in compound curva- 
tures with extremely close tolerances, 


RADOMES. Brunswick’s non-metallic materials boost heat 
tolerance of radomes and nose cones to 1000-1200°F for 
limited exposures. SBP filament winding gives highest-ever 
strength-to-weight ratios with significant weight savings 


_over usual structures. With unmatched electrical uniform: 
‘ity, Brunswick builds to tightest tolerance for dialectric 


constants and compound configurations. 


INTEGRATED ANTENNAS, Brunswick totally integrates 
all communications, telemetry and navigational antennas 
and reflectors within primary structures. No sending or re- 
ceiving interference. All-plastic aircraft and missile assem- 
blies give high weight-strength ratio, while providing aero- 
dynamically clean lines. Can Brunswick Corporation help 
you in any way? Write or call today! 


MAKES YOUR IDEAS WORK 


Int rested engineers will find it rewarding to dis- 
cu:s career futures with Brunswick. Write or call 
Bri nswick Corporation, Defense Products Division, 
17 0 Messler Street, Muskegon, Michigan. 


CORPORATION 
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ABOVE AND BELOW THE WATERLINE 


Technological Ideas / Practical Concepts / Exploratory Re- 
search / Developmental Design Engineering / Usable Proto- 
type Hardware / Testing / Evaluation / Design Engineering 
for Production / Productidn 


Thrust Vectoring Systems / Flight Control Systems / Actua- 
tion Systems / Servo’s / Gyros / Advanced Air Vehicle Crew 
Station Design / Special Instrumentation Display Systems / 
Space Vehicle Landing Gear / Accelerometers / Flow Meters / 
Two Axis Controls / Marine Systems / Ship Replenishment 
Systems / Oceanographic Instrumentation and Surveys / Ship- 
board Handling Equipment / ASW Systems Design and Instal- 
lation / Ship Positioning Systems / Deep Water Mooring / 
Hydrofoil Design / Ground Effect Vehicles / Underseas Sys- 
tems Engineering / Thermocouples 


PNEUMODYNAMICS cor roRation RE 


WASHINGTON, 0.C.+ A SUBSIDIARY OF CLEVELAND PNEUMATIC INDUSTRIES, INC. 
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NATIONAL WATER LIFT CO. - KALAMAZOO, MICH. + INSTRUMENTATION & CONTROL - 
GRAND RAPIDS. MICH SYSTEMS ENGINEERING - BETHESDA. MD. - ADVANCED SYSTEMS 
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Vol. 2, No. 4 


By Don G. Groves 


Success of tomorrow’s naval missions hinges on a drastic revision of the 
naval engineering technology state-of-the-art. More and more companies 
are trying to get into the act, but to date very little has been achieved in 


terms of a unified approach to solve 
the problems at hand. This is es- 
pecially true when it comes to the 
many diversified yet related prob- 
lems and needs in the undersea 
realm. Many of these needs fall with- 
in security limits and cannot be dis- 
cussed. However, several specific 
marine and naval problems are not 
affected by security and it seems in 
order to briefly list and discuss some 
of them since they concern every 
engineer in the U.S. industry. 

The list is intended to be repre- 
sentative rather than all-inclusive of 
recognized (by Navy and segments 
of industry) problems illustrating 
the challenging and encompassing 
engineer in the U.S. industry. 

For materials and equipments that 
must operate in the under-ocean, ex- 
posed to sea growth, corrosion, pit- 
ting erosion, galvanic action, high 
pressure, etc., there is a need to: 

e Develop and improve high 
strength metals which are easily 
weldable, yet corrosion and pitting 
resistant; or develop economical 
coating or paint that will do same 
thing. 

e Develop economical and effective 
materials and design techniques such 
as small-diameter, high-strength 
deep water mooring cables, under- 
water vehicles and robots, etc., for 
emplacement and reclamation of ac- 
tive and passive sonar system and 
other devices on the deep ocean 
floor. 

e Develop more economical and re- 
li ble welding (or other pressure- 
ti ht joining) techniques for thick 
-tallie sections, including bi-me- 
t: lic joints, for marine use. Special 
iphasis on deep diving submarine 
lls where titanium and/or alu- 
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minum may replace steel in whole 
or in part. New materials concepts 
should be encouraged. 

To aid and abet undersea search 
and kill, there is a need to: 
e Improve marine propulsion and 
auxilliaries bearing size, geometry, 
and lubrication in order to reduce 
noise generation and transmission. 
Special emphasis on thrust bearings 
for deep diving submarines subject 
to high hydrostatic pressure. Partial 
answer may be in use of seawater or 
steam to replace conventional oil 
lubricants. Throughout undersea 
technology more effort should be 
made to use the sea ambient envir- 
onment to improve marine engineer- 
ing. 
e Develop small-sized speed reduc- 
ers of high torque capacity (as high 
as 65-to-1 reduction) producing 
minimum of noise in sonic and ultra- 


A fundamental ingredient of suc- 
cess in any business or govern- 
ment undertaking is the exchange 
of information and ideas. In his 
article, Mr. Groves of Defense 
Systems Department, General 
Electric Company, Syracuse, N.Y., 
challenges ‘the U.S. marine engi- 
neering community to seek rather 
than avoid encounters with hith- 
erto unfamiliar and unformulated 
problems. Only with a unified ap- 
proach to the marine and naval 
problems can the engineers and 
designers produce impressive 
breakthroughs in economic and 
scientific naval engineering and 
by way of these breakthroughs 
create a powerful naval fleet ca- 
pable of meeting any threat. 
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NEEDS REVIEW 


sonic bands needed for torpedoes 
and thrust procedures and should 
be able to handle up to 1,000 shp. 
This technology might enable use of 
nuclear closed cycle gas turbines 
driving outboard propulsion system 
in some vessels. 

e Develop static high dc power elec- 
tric generators (fuel cell or thermo- 
electric). Used with specific charac- 
teristics static inverters for ac power 
conversion, system would eliminate 
motor-generator sets (a noise 
source). Advance in fuel cell tech- 
nology could result in “dead-quit” 
submarine operation. Special empha- 
sis on development of data leading 
to new techniques and hardware for 
attenuating or eliminating self noise, 
machinery noise (mechanical cou- 
plings), cavitation noise, and flow 
noise in ships and underwater me- 
chanisms and installations. 

e Create precise undersea surveying 
and navigation devices for reliable, 
extremely accurate determination 
of submerged vessel speed with re- 
spect to ocean bottom, an important 
factor in underwater missile launch- 
ing. Also develop surface ship auto- 
matic pilot navigation. 

e Design of anti-submarine hydro- 
foil for high-speed surface operation 
combined with efficient underwater 
capabilities. This could in effect be 
a hydrofoil deep depth sonar plat- 
form utilizing optimum sonar condi- 
tions for search. After search vehicle 
would surface and proceed to next 
search area. Phenomenal weight-to- 
horsepower ratio possible with new 
power plants used with lightweight 
metal hull. 

e Accomplish breakthrough in gen- 
eration, propagation, and reception 
of sound in ocean—or development 
of new devices—leading to a means 
of IFF for undersea surveillance. 
Chief problem today is to determine 
whether object detected by sonar is 
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friendly ship, a whale, a school of 
fish, a decoy or other countermea- 
sure, or an enemy submarine. All 
give sonar reflections. Limitations 
on transmission in water where tem- 
perature changes, coupled with fact 
that acoustic methods are slow and 
inexact point to greater emphasis in 
development of non-acoustic systems 
such as deep-sea optical maser. 

In the field of marine power— 
main proulsion as well as secondary 
and auxiliary power—there is a need 
to: 

e Investigate the possibility of larg- 
er scale use of solid propellants for 
rocket underwater propulsion. 
e Design various imaginative de- 
vices to use and convert some of the 
oceans thermal and hydrostatic en- 
ergy. Sea water contains uranium for 
fission-produced power and deuter- 
ium or heavy hydrogen for thermo- 
nuclear power. Another possibility 
is to obtain ac or de power from 
shafts turning at 50,000 to 100,000 
rpm. Also needed are systems to 
transduce main propulsion schemes 
to secondary and auxiliary power. 
Novel cryogenic refrigeration (ap- 
paratus and dewars built in to ship) 
might provide key to make certain 
energy-conversion modes possible. 
Some of these conversion modes are: 
Nuclear Energy to Thermal En- 
ergy via Fission or Fusion Reac- 
tor or Ionized Plasma Fission Re- 
actor to Electrical Energy 
Chemical Energy to Thermal 

Energy via Exothermic Chemical 

Reaction or Battery or Fuel Cell 

to Electrical Energy 

Thermal Energy to Mechanical 
Energy via Diesel or Turbine 

Thermal Energy to Electrical 
Energy via Thermal-Electric De- 
vices 

Mechanical Energy to Electrical 
Energy via generator 

Electrical Energy to Accelera- 
tion of a Water Column and Pro- 
pulsion via magnetohydrodynamic 
device 

Electrical Energy for Electric 
motors for propulsion and Aux- 
iliary Power 

Thermal Energy to Accelera- 
tion of A Water Column and Pro- 
pulsion via Hydrojet, or Rocket 

Mechanical Energy to Accelera- 
tion of a Water column and pro- 
pulsion via reduction gearing-pro- 
peller, etc. 

In addition to the problems listed 
above there is also an urgent need 
for further development and im- 
provement in the following specific 
marine engineering problem areas: 
e Nuclear propulsion reactor shield- 

ing. 

e Coating material to reduce fric- 
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tional drag (especially for under- 

water craft.) 

e Water resistant grease. 

e Underwater television and photo- 
graphy. 

e Image intensification enhancement 
devices. 

e New device to replace submarine 
periscopes. 

e Underwater countermeasure de- 
vices and techniques. 

e Surface and subsurface ship hull 
and propulsion design. 

e New communication systems 
through the air-sea interface. 

e Higher reliability, reduced main- 
tenance, lower cost, and unattend- 
ed systems program related to the 
electronic, electrical, mechanical, 
etc. systems of ships and crafts 
including aircraft. 

e Life sciences associated with hu- 
man tolerance to unusual environ- 
ments. 

e Anechoic engineering and appli- 
cation of visco-elastic materials. 

e Increased use of solid state de- 
vices in practically all marine 
vehicle design. 

e Hydrodynamic innovations— 
boundry layer control concepts. 

e Sensors in acoustic and non-acous- 
tic devices not limited to ASW 
detection, for use on merchant 
ships, submarines, aircraft, etc. 

e Ambient sea noise research. Possi- 
ble evolvement of detection tech- 
niques akin to those used in cos- 
mic ray astronomy. 

e Natural science programs to study 
bird, fish, and animal features 
which might be adapted for man’s 
use. 

e Inland Waterway icebreaker craft, 
possibly powered by water reac- 
tor and turbo-electric drive. 

e Redesign ofs special submarines, 
ships, and aircraft for ocean- 
ographic purposes. 

e More and better equipment for 
simulation of ocean environments. 

e Less expensive, more effective 
overhaul and repair methods, par- 
ticularly for nuclear submarines 
and naval aircraft. 

e Small-size, broad-band sonar 
transducers. 

Aside from the specific needs dealt 
with so far, the marine and naval 
engineering society is faced with a 
series of problems in general key 
areas with bearing on military as 
well as commercial interests. Again 
there is lack of a unified approach 
from industry’s side, in spite of the 
benefits to be gained. 

In these general key areas there 
is a need to: 

e Establish an underwater commer- 

cial mining and salvaging technology 

to harvest some of the raw materials 


in the vast ocean. It is estima ed 
that one square mile of ocean floor 
surface contains cobalt and mn. 
ganese modules worth $0.5 million 
Other commodities are oil, chermi- 
cals, and food. Emphasis is on de. 
velopment of inexpensive methods 
to bring these to the surface. 
e Develop underwater shipping and 
storage techniques as well as logist- 
ical underwater and mid-ocean sup- 
port base systems. 
e Apply aircraft practices and vast 
pool of aerodynamic research to ship 
design. Ship shape and speed have 
not changed significantly in the past 
50 years. There is tangible, trans- 
latable similarity in the disciplines 
of: Hydrodynamics (hydrofoils) and 
aerodynamics (airfoils); meteorology 
and oceanology; sound energy 
through temperature gradients and 
electromagnetic energy transmission 
in the ionosphere, and many others. 
There is also the applicability of 
space technology to marine engineer- 
ing (navigation, communication, 
weather prediction, and reconnais- 
sance satellites.) 
e Increase hydrographic and ocean- 
ographic research. Despite much re- 
cent work in these fields results 
have not been applied or coordin- 
ated to utmost advantage. Perhaps 
this will be remedied through gov- 
ernment’s increased financial sup- 
port of oceanographic research. Col- 
lected data is of no real value unless 
translated into devices, instructions, 
or practical rules. 
e Establish fundamental data for 
predicting such things as metallur- 
gical performance with respect to 
fatigue, locked in stresses, creep, 
ductility, notch effects, etc. Also for 
possible reappraisal and working co- 
ordination of ideas related to me- 
chanics, energy conversation, elec- 
tronics, etc, all of which point tow- 
ard new material and design devel- 
opments. Marine design and engi- 
neering requires the skills and co- 
operation of many specialists. So far 
the individuals have generally 
worked in separate groups with lit- 
tle real interchange. Growing aware- 
ness of need for interaction between 
groups will benefit the entire ma- 
rine engineering field. * 
Bibliography: 

In the main this unclassified im 
formation has been gathered from 
several sources both oral and writ- 
ten. The written record consists 
largely of the following: 

Navy Research and Development 
Problems—Dept. of Navy, Washing- 
ton, D.C., Underwater Engineering 
Vol. 1, Number 3, Military Market- 
ing Data Committee Report of Elec- 
tronic Industries Assoc. 
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PLASTIC PRESSURE HULLS 


THE SUBMERSIBLE STRUCTURE is now 
beginning an evolution similar to 
that of the airborne structure. Since 
over 70% of the oceans lie between 
10,000 and 20,000 feet in depth, high 
strength hull structures which can 
withstand these pressures must be 
developed. Present metallic con- 
struction cannot be utilized at these 
depths and maintain positive buoy- 
ancy. Therefore, a lighter, more 
efficient material and_ structural 
concept must be evolved in order to 
provide positive buoyant, deep sub- 
mersible hulls. 

Composite construction of glass 
reinforced plastic is such an effi- 
cient structure. In general, all deep 
submersible structures are pressure 
vessels and, therefore, have direc- 
tional stress requirements. By the 
use of directional materials, such as 
143 glass cloth and/or filament- 
winding, in composite construction 
only the material needed in a par- 
ticular direction needs to be added 
to the composite, to make the weight 
of the structure nearly 100% effi- 
cient. Whereas, in homogeneous 


metallic materials, additional weight 
must be incorporated to satisfy a 


Weight ratio vs. depth, based on ap- 
rox. 6.25 inch cylindrical o.d. 
Congth in all cases 10 inches. 


By Bud L. Duft and Norman Brink 


Narmco R&D 
Division of Telecomputing Corp. 


load in one direction only, and may 
be only partially utilized in another 
direction. 

Of all the glass reinforced plastics 
available to date, filament-wound 
composites offer the greatest 
strength-to-weight advantage. The 
density of this composite material is 
0.065 to 0.070 pounds per cubic inch, 
and the state-of-the-art composite 
compression strength is 100,000 psi. 
However, Narmco has achieved com- 
pression strength values as high as 
175,000 psi and has consistently 
achieved values of 150,000 psi. 

Glass reinforced plastics are gen- 
erally lower in compression than 
in tension because of the nature of 
the internal failure mechanics in 
the material. Tensile failures are 
usually a pure mechanical failure 
in the glass filament itself; whereas, 
compression failure is a combination 
of material failure and local insta- 
bility of the fiber in its resin matrix. 
Since all glass reinforcement ma- 
terial produced at present is direct- 
ed toward tensile applications, we 
are working to improve glass fila- 
ments for compression use by: In- 
creasing the diameter of the fiber 
to increase its local section modulus 
and therefore its stability; studying 
the mechanics of failure by means 
of mathematical and experimental 
models; and stabilizing the filament 
bv the utilization of more compat- 
ible resin. 

This should result in the consist- 
ent production of composites with 
a nominal compression strength of 
175,000 psi and modulus of elasticity 
of 6.7 x 10° psi. 

Design concepts utilizing these 
materials have been theoretically 
evaluated, and experimental sub- 
stantiation is now in process. Design 
concepts under study include sand- 
wich constructed, directionally 
wound shells, ring stiffened direc- 
tionally wound shells, and unstiff- 
ened directionally wound shells. 

This study was based on different 
diameters of approximately 6.25 and 
144 inches with an approximate L/D 
ratio of 1.5. Other parameters held 


constant included composite com- 
pressive stresses of 100,000 psi and 
175,000 psi with corresponding mod- 
uli of elasticity of 6.0 x 10° and 6.7 
x 10° psi. 

Effect of size, becomes immedi- 
ately apparent by the choice of the 
two basic diameters, 6.25 and 144 
inches. The weight ratio for the 
sandwich and_ unstiffened shell 
shows little change for the two di- 
ameters for the same strength level. 
For example, a 6.25-inch diameter 
sandwich cylinder with a strength 
level of 175,000 psi at 30,000 feet has 
a weight-to-displaced-water ratio of 
0.448. However, the ring stiffened 
shell becomes more efficient as di- 
ameter goes up. In sandwich con- 
struction, the stiffening effect is de- 
rived from an increase in the core 
depth; in ring stiffened construc- 
tion, the effect is derived primarily 
from ring spacing which becomes 
structurally more efficient in larger 
diameters. 

Design varies with depth: Varying 
compressive strength levels dictate 
the thickness of the sandwich fac- 
ings and the shell thickness for the 
ring stiffened cylinder walls. Higher 
strength requires thinner sandwich 


Weight ratio vs. depth, based on 
approx. 144 inch cylindrical 0.4. 
Length in all cases 216 inches. 
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faci. gs and shell thickness. At mod- 
eratc ocean depths, the thinner fac- 
ings in the case of the sandwich 
cylinder wall result in the need of 
a greater total wall thickness, or 
greater core thickness, in order to 
satisfy the buckling criteria. The 
thinner shell for the ring stiffened 
cylinder wall requires that the crit- 
ical distance between the rings be 
smaller to satisfy the buckling re- 
quirement. 

Despite the extra stiffening weight 
required for the two single wall 
concepts, the higher strength level 
indicates a lower ratio of weight to 
displaced water weight. The varying 
strength level does not have as 
great an effect on the unstiffened 
cylinder wall, since buckling cri- 
teria, rather than the strength re- 
quirement, determine the wall thick- 
ness at moderate depths. 

Indications are that for ocean 
depths to about 30,000 feet, the sand- 
wich and ring stiffened shell would 
be the most efficient on the basis 
of the weight ratio. In the case of 
the high strength level and small 
diameter, the sandwich wall con- 
struction concept is more efficient 
than the ring stiffened shell con- 
cept. For large diameter wall con- 
struction, the two single wall con- 
cepts are very competitive. 

For depths below 30,000 feet all 
curves converge, and the unstiffened 
solid cylinder wall concept becomes 
efficient. This is due to several fac- 
tors: First, the compressive strength 
of the material determines the wall 
facing thickness in both the sand- 
wich and ring stiffened cylinder 
concepts. Hence, at extremely low 
ocean depths, material strength and 
not cylinder stability is the critical 
factor. In the case of the sandwich 
construction concept, the facing 
thickness becomes so thick, due to 
the strength requirement at extreme 
depths, that the core thickness ap- 
proaches zero. The skin thickness for 
ring stiffened shell, on the other 
hand, increases sufficiently so that 
the critical buckling length becomes 
greater than the desired length of 
the cylinder wall. 

Thus, it seems certain that deep 
submersible hulls of composite con- 
struction, utilizing glass reinforced 
plastic, can be designed with positive 
‘buoyancy for use at great ocean 
denths. It is also apparent that the 
design concept to be utilized will 
depend upon the mission require- 
ments and the size of the structure. 

. dditional advantages are avail- 
abe from the sandwich concept, 
su-h as the ability to absorb sound, 
sh ck loads, and provide facilities 
fo. boundary layer control. * 
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CIRCUMFERENTIAL AND 
LONGITUDINAL FLLAMENT 
WOUND FACINGS 


Typical sandwich construction. Insert at right, view of C-C. 


Circumferential and 
longitudinal filament 
wound skin 


Filament wound 
stiffening rings 


Typical ring stiffened construction. 


LONGLTUDINAL WINDING 


CIRCUMFERENTIAL WLNDING 


Typical filament wound construction. Insert at right, view of A-A. 
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POLARIS... 


... today and tomorrow 


THe NAvy’S WONDER CHILD, POL- 
ARIS, still appears to be void of any 
Achilles heel. The big question is, 
how long can it stay this way? This 
depends not only on the missile, but 
its launching pad as well . . . the 
submarine. 


Most important to the submarine 
is survival. Design considerations are 
established around the concept that 
the submarine must avoid detection, 
no less identification. Of course, as 
science progresses with time, enemy 
active and passive sonar — and pos- 
sibly other techniques — will like- 
wise improve, leaving POLARIS 
faced with greater susceptibility to 
detection. But, through intuitive 
foresight coupled with the techno- 
logical efforts of industry, POLARIS 
seems to be in a pretty good position 
to maintain its high degree of im- 
munity with countermeasures and 
improved undersea performance. 


Reducing submarine noise to at 
least the level of that created by 
the ocean seems to be one of the 
most plausible methods of coping 
with passive sonar. Replacing elec- 
tromechanical power with thermo- 
electric power would help eliminate 
one of the bigger sources of noise— 
60 cycle hum. Thermoelectric re- 
frigeration is already being experi- 
mented with on subs and has more 
than proven its ability in noise re- 
duction. 

Several methods are offered to 
counteract active sonar. One would 
be to ernploy some device that could 
return emitted pings in a chaotic 
manner so as to confuse the enemy. 
This might defeat its own purpose 
though, since it is in itself a noise 
generator. Another method involves 
applying a material or coating on the 
outer surface of the submarine 
which would absorb the transmitted 
pings. This idea would, in effect, 
adhere to basic submarine design 
considerations (keep quiet; avoid 
detection). 


Another major concern is protec- 


By Richard E. Munske 


tion against anti-submarine missiles. 
Decoys released from the sub could 
divert sonar-guided missiles from 
their intended target. Although there 
is much room for work in the anti- 
submarine-missile missiles field, 
there is no substitute for silence. 

With the new and improved POL- 
ARIS A-3, precise launch position 
becomes more and more vital. Tar- 
get destination is already  pro- 
grammed into the missile, but the 
sub’s location, or more specific, point 
of missile departure, remains the one 
big variable. Since the submarine is 
a mobile missile site the distance 
between missile origin and destina- 
tion will vary, resulting in azimuth 
error. This is handled with higher 
precision gyros and accelerometers. 
SINS (Ships Inertial Navigation 
System), generates position (lati- 
tude and longitude) and azimuth. 
A continuous program is now in 
effect whereby the basic equipment 
is retained, but the precision and 
quality of gyros and accelerometers 
are steadily improving. At this time, 
navigational measuring instruments 
better than the gyro are nonexistent. 

Right now the Navy is considering 
building a new SINS around a sin- 
gle-degree gyro which would be 
used as a memory reference. This 
“electrostatic gyro monitor” will act 
as an artificial star to yield azimuth 
corrections. The Navy is scheduling 
this new gyro program to go into 
effect in 1962. 

Other areas of endeavor for navi- 
gational aids are the mapping of 
magnetic and gravitational fields, 
and ocean floor topography. Topo- 
graphical mapping with sonar re- 
quires an extremely narrow angle 
beam in order to secure any data of 
value. If the beam is too wide it may 
bounce off some obstacle not truly 
beneath the sub, and would, there- 
fore, supply incorrect depth in- 
formation. 

Gravitational and magnetic field 
measurements demand more sophis- 
ticated instrumentation. Corrective 


devices may be needed to counteract 
sub-hull magnetism. Although, it 
would be more economical to sus- 
pend equipment from beneath the 
hull at a relatively safe distance 
(this figure is not available, but is 
within the limits of practicability) 
rather than to de-gauss the subma- 
rine. 


Aside from navigational purposes, 
magnetic measurements can be ap- 
plied to “un-sound” tracking and 
detection methods. During World 
War II a system called MAD (Mag- 
netic Anomaly Detection) was used 
for submarine detection. Electro- 
magnetic recordings made from air- 
craft revealed the presence of sub- 
merged submarines by detecting 
changes in the earth’s magnetic field. 
Handicapped by short range limita- 
tions, it nevertheless affords positive 
classification and is invulnerable to 
jamming. 

If the U.S. is studying magnetic 
anomalies, it is reasonable to assume 
that the enemy may also be capable 
of this method of detection. Couldn't 
this be counteracted with non-metal- 
lic hulls such as fiberglass or other 
composites? The David Taylor Mod- 
el Basin has been performing studies 
on materials other than steel (see 
article p. 38, May/June issue) and 
have come up with some interesting 
results. Plastic hulls would offer no 
magnetic complications. 

One phase of POLARIS-ology that 
has made a definite stride recently 
is the firing-time interval. When it 
comes to “pressing the button,” a 
rapid firing sequence is mandatory 
to insure a safe retreat. The Mark 84, 
an improved fire control system, has 
decreased the time interval between 
POLARIS firings (previously 1 min- 
ute, now classified) through its abil- 
ity to feed launching position data 
into the missiles. 

All these concepts, whether in 
theory or reality, can and will be 
deciding factors in maintaining sub- 
marine supremacy.® 
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SPECIAL PUMP FOR HYDRAULIC TEST 


The Aeronautical Materials Lab- 
oratory (AML) of Naval Air Ma- 
terial Center (Philadelphia, Pa.), is 
one of BuWeap’s principal research, 
development, test, and evaluation 
activities. It conducts research and 
development work on all materials 
any many processes connected with 
construction of Navy aircraft and 
related equipment. Investigations 
cover a range of materials such as 
plastics, rubber, metals, and coat- 
ings; many processes including weld- 
ing and electroplating; and a variety 
of products including components 
for hydraulic control systems and 
air-sea rescue and survival equip- 
ment. The results of these investiga- 
tions are disseminated to manufac- 
turers and Government agencies. 
This information establishes design 
criteria, 

The Equipment Division of the 
AML performs exploratory research 
evaluation and qualification testing 
of various aircraft hydraulic system 
components under exacting and rig- 
orous requirements. Specialized and 
complex testing equipment is often 
necessary to meet these require- 
ments and to carry out constant 
studies on new type hydraulic com- 
ponents. One valuable and versatile 
item of test equipment is a Denison 
hydraulic pump unit which was de- 
signed and fabricated for the Equip- 
ment Division to detailed specifica- 
tions to meet test conditions. 


In this pump the delivered oil 
volume is varied by changing the 
length of piston strokes within the 
barrel, the strokes being controlled 
by the angle of the cam plate against 
which the pistons ride. Piston thrust 
is balanced by the admission of 
pressure through a drilling in the 
piston into an area in the surface of 
the piston shoe that contacts the 
cam plate. This area is slightly less 
‘than the effective piston area which 
resu'ts from the shoe being sup- 
ported on an oil film at all times. 
The cylinder barrel is supported on 
a cc aventional-type port plate into 
whi h are machined support areas 
hyd aulically balancing this portion 
of t e pump. The radial load created 
by he angle of the cam plate is 
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By G. W. Asimos, Ensign, USNR 


Aeronautical Materials Laboratory 
Naval Air Materials Center 


supported by a precision roller bear- 
ing which is placed at the point of 
average load, effectively balancing 
all radial forces, The cylinder barrel 
is driven by a spline, the center of 
which is located at the same point 
of average load resulting in the 
balancing of all driving forces. The 
cylinder barrel and piston shoes are 
manufactured from a nickel bronze, 
having excellent bearing qualities, 
abrasion resistance, high strength, 
pressure tightness, and the lowest 
expansion coefficient of all types of 
bronze. 


The pump unit contains the fol- 
lowing variable delivery controls: 
1) hand wheel control which pro- 
vides a means of manually setting 
the volume delivered by the pump; 
and 2) pressure compensating con- 
trol which varies pressures. These 
variable delivery controls are bolted 
to the pump housing in easily re- 
movable units. All working parts 
are submerged in an oil bath. Also 
incorporated in the pump unit are a 
100-gal. reservoir, a heat exchanger, 
a pressure gage, two 200-wire mesh 
filters, and two 10-micron filters. 


Denison Hydraulic Pum 


These features lend to ease of main- 
tenance. 

The pump unit is continually used 
in testing the performance of air- 
craft hydraulic components such as 
valves, accumulators, actuating cyl- 
inders and pressure regulators. It is 
presently performing tests following 
these requirements: cycle from 2,000 
psi to 3,000 psi at a cycling rate of 
150 cycles per min. and attaining a 
pressure build-up rate of 200,000 
psi per sec. for 1,000,000 life cycles. 

Another added feature of the unit 
is that it can be used for 275-degree 
F temperature testing merely by 
changing the material of the static 
seals. The unit has proved its versa- 
tility. Its features of compactness, 
low power consumption, variable 
flow control, and durability increase 
savings in time, labor, and money. * 


The opinions or assertions ex- 
pressed in this article are the 
private one of the author and are 
not to be considered as official or 
reflecting the views of the De- 
partment of the Navy or the Na- 
val service at large. 


Unit. Unit allows test components and system 
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mock-ups maximum flexibility of installation. 
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DOPPLER 


use of common physical phenomenon 


aids analytical sonar techniques 


By 


A. N. Glennon 


Although the Doppler Effect is common to all types of wave action, it is 
probably most familiar as a change in the observed pitch of a sound when 
its source passes by at a fairly high speed. When Doppler shift occurs in 
sonar, the source and the listener are usually both in motion, and the 


change in frequency is the result 
of both motions. Regardless of the 
speeds of the source and observer; 
however, the velocity of the sound 
itself is unchanged. 

The effect on the observed fre- 
quency is slightly different for mo- 
tion of the source than for motion 
of the observer. Since the difference 
is a second-order effect, it is usu- 
ally ignored. To show how this dif- 
ference comes about, the develop- 


ment which follows treats the two - 


separately. 

In Figure la a stationary source, 
S, 1s transmitting sound toward a 
stationary observer, O. Traveling at 
a velocity c, the sound reaches the 
observer in t seconds. The distance 
from S to O, then, is ct. Within this 
distance ct there will be a specific 
number of cycles of the sound, de- 
pending upon its frequency. If S 
now moves toward O at some speed 
v, as shown in Figure 1b, it will 
travel a distance vt in time t. Al- 
though the same number of cycles 
will be transmitted, the wave train 
will now occupy a shorter distance, 
ct-vt, and since c and v are uniform 
each cycle will be shortened pro- 
portionately. If the original wave- 
length of one cycle was L, the new 
wavelength will be: 

, ct — vt c—v 
L = L( = )= L( 


If the source moved directly away 
from the observer, the wave would 
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be elongated rather than compressed, 
and the new wavelength would be: 


L’ = L (2) 


From these two cases, the Dop- 
pler Effect can be generalized for a 
moving source as: 


L’ = L (3) 
c 

where @ is the angle between the 
direction of travel of the source and 
the direction 6f wave travel in which 
we are interested. In fire control 
terminology, ¢@ is the target angle of 
the source. 

Since we are usually more inter- 
ested in frequency than in wave- 


length, the relation f = c/L may be 
applied to obtain: 


| 


ffs 
mM 


Figure |. (a) Source and Observer 
stationary — No Doppler. (b) 
Source in motion toward Observer— 
Apparent increase in frequency. 


In Figure 2, the observer is moving 
directly toward a stationary source 
at a speed V. In time t, not only the 


Figure 2. Observer in motion toward 


source—apparent increase in fre- 
quency. 


waves contained in distance ct will 
pass the observer, but also those in 
distance Vt, the distance traveled 
toward the source in time t. The 
observer, then, has heard Vt/L more 
cycles of sound in time t than he 
would have heard had he been sta- 
tionary. With the same reasoning as 
before, the apparent frequency is: 


ety (5) 


Similarly, when O is moving di- 
rectly away away from S, 


(6) 


giving the general relationship: 
cos #) (7) 


where ¢ is the relative bearing of the 
source from the observer. 


The difference between the {wo 
cases of motion becomes apparent if 


UNDERSEA TECHNO! OGY 


Ai 


NINA 


= 


smé 
seal 
Sin 
sup 
wal 
or 
|| 
= 


ving 


(6) 


(7) 


ENEMY HEARTBEAT Distening for the enemy, looking for him, 


smashing him—these are the aims of modern isti-SuDiiiing Warfare. The ASW concept is always 
searching for advanced ideas on systems and ¢ qui pment — ar @eaichere Bendix-Pacific excels. 

Since 1947 Bendiz-Pacific has been a major {a “Se 

supplier of Sonar, Airborne Radar, Under- a 
water Ordnance and Submarine Hydraulic im 
Controls for the Navy’s ASW program. 


dix-Pacific 


HOLLYWOOD, CALIFORNIA 
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equation (4) is expanded for com- 
parison with equation (7): 


+ 


‘(1 cos @ + = 
+ cos"¢ ) (4) 
f= f (1+ cos ) (7) 


Since cos @ cannot be greater than 
1, and v/c is usually less than 0.01, 
the second and higher order terms 
in equation (4) contribute very little 
to the overall Doppler Effect, and 
for practical purposes it can be said 
that source motion and receiver mo- 
tion contribute the same amount of 
Doppler. 


In an echo ranging situation, S 
and O will usually both be in motion. 
The total Doppler Effect is found by 
combining equations (4) and (7). 
As a ping leaves S at a frequency 
f, the motion of S converts it to a 
different frequency by equation (4). 
The motion of O when the ping 
reaches it has an additional effect, 
given by equation (7). As the energy 
is reflected from O, it again under- 
goes the effect of equation (4) and 
when it is finally received as an 
echo by S, equation (7) again ap- 
plies. The returned frequency in 
echo ranging then is: 


1 + COs 
=f (8) 
cose 
c 


In the simplest case, S and O are 
headed directly toward one another, 
and equation (8) becomes: 


+ cv ) (9) 


Since the squared term in the ex- 
pansion is usually less than 10°, it 
may be ignored to yield the approxi- 
mation: 


Thinking of v and V simply as 
components of source and observer 
speed along the line of sight, equa- 
tion (10) can be written even more 


simply in terms of range rate, R, 
becoming: 


2R 

tv = l 
f f ( += ) (11) 
and the Doppler shift itself is simply 
af 2¢ (12) 


This relationship is useful since 
it not only shows the Doppler Effect 
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to be proportional to both frequency 
and range rate, but also provides a 
convenient means for determining its 
magnitude in different situations. 
Insertion of numbers into approxi- 
mate equation (12) shows the Dop- 
pler shift to be about 0.7 cycles per 
second per knot of range rate per 
kilocycle. For example, echo ranging 
at 20 kilocycles on a target with a 
20 knot range rate would yield a 
shift of 0.7 x 20 x 20 = 280 cycles 
per second. In the same situation, 
had echo ranging frequency been 
10 kilocycles, the shift would have 
been only 140 cycles per second. 


Since the Doppler Effect is pro- 
portional to frequency, it has a char- 
acteristic that is often forgotten in 
discussions of its nature: its effect 
on “pitch” is different from its ef- 
fect on frequency. If we could listen 
to the actual sounds involved in so- 
nar transmissions, the change in 
musical pitch of a low frequency 
sound and the change in pitch of a 
high frequency sound would appear 
to be the same for a particular range 
rate, even though the change in 
cycles per second would be different. 
This happens because the change in 
frequency between notes in the mu- 
sical scale is proportional to fre- 
quency, just as is the Doppler Effect. 
Unfortunately, the change in pitch 
due to Doppler Effect would be al- 
most undistinguishable except at ex- 
tremely high range rates, so some 
means of enhancing the subjective 
effect of the Doppler shift is re- 
quired in sonar systems. In the past, 
this has been done by means of a 
heterodyning process. 

To the uninitiated, a ping or echo 
from one sonar sounds pretty much 
like those from another, because 
most sonars yse a beat frequency 
oscillator set to give an audio out- 
put in the neighborhood of 800 to 
1200 cycles per second. This low 
audio frequency was selected as a 
result of extensive tests as the least 
fatiguing pitch for the average ear. 
A side benefit to this frequency is 
Doppler enhancement. 


Since the heterodyning process 
yields the difference between the 
two frequencies involved, any Dop- 
pler shift present in the sonar signal 
appears in the audio output of the 
sonar unchanged in magnitude: a 
280 cycles per second shift in the 
sonar frequency will give a 280 
cycles per second shift in the beat 
note. This preservation magnitude 
improves the operator’s ability to 
detect Doppler because the relative- 
ly few cycles per second change in 
frequency is much greater in pro- 
portion to the beat frequency than 
to the sonar frequency. 


Although the Doppler Effect i; 2 
readily detectable phenomenon ¢ ris. 
ing from known causes, its poter tig) 
as a useful element of information jp 
antisubmarine systems has seldom 
been realized. Sonar operators are 
trained to listen for it, and they re. 
port “Up Doppler” if an echo comes 
back at a higher pitch than the ping 
and as “Down Doppler” if it comes 
back lower in pitch. In addition, they 
try to render shades of judgment by 
reporting “Slight up Doppler” or 
“Marked down Doppler”. Interpre- 
tation of the sonarman’s report, 
however, depends on the particular 
sonar equipment as well as the oper- 
ator’s experience with the gear. An 
operator whose main experience has 
been with the frequency sonar wil] 
seldom report anything more than 
slight up or down Doppler if he 
shifts to a low frequency sonar. The 
Doppler shift simply doesn’t involve 
enough cycles per second at low fre- 
quency for him to detect a distine- 
tive change in pitch, even with the 
enhancement given by the beat fre- 
quency oscillator. 


As frequencies get lower and sonic 
power increases, detection ranges 
increase, adding to the burden of the 
operator. Extremely good pitch 
memory is required in a sonarman, 
to retain the sound of the outgoing 
ping for the time it takes to reach 
a target and return at a very slight- 
ly different frequency. His ability 
to compare the two sounds in his 
“mental ear” is no longer as good 
as it was with the sonars of World 
War II. 

These difficulties, less Doppler 
shift and increased time delay be- 
tween outgoing and incoming pulses, 
point up the necessity of including 
some electronic means of Doppler 
detection in future sonars. There are 
other considerations as well that 
make this both necessary and desir- 
able. 

Although Doppler shift can be de- 
tected and measured electronically, 
the subjective report of the sonar- 
man has long been the only source 
of Doppler information used by the 
US Navy. In recent years, we have 
begun to realize that measured Dop- 
pler can provide refinements in ASW 
fire control, giving us solutions more 
speedily and more accurately. 

A further complicating factor in 
the current use of Doppler infor- 
mation is that the sonarman hears 
neither the outgoing ping nor its 
beat frequency. The receiver is dead 
during the transmission of a ping, 
for its own protection. As soon as 
the transmission is completed, the 
receiver comes back on the line, and 
the operator hears the reverberation 
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THANKS FOR SHARING THE LOAD, DR. MAXWELL! 


- Your equations together with Newton’s Laws serve as a basis for explaining classical electro- 


magnetic phenomena. Most important among the outgrowths of your theory are radio and 
it: allied invention, radar. At AC, we are using techniques for the generation and propagation 
of electromagnetic waves to increase the total capabilities of the B-52 weapons system. 

z you are interested in applying yesterday’s theories, like Maxwell’s, to today’s Mach 2 and ( 


3 iireraft, and if you have a BS, MS or PhD in EE, ME, Physics or Math, please contact A ) ae 


M-. G. F. Raasch, Director of Scientific and Professional Employment, Dept. M, 7929 South © 


H well, Milwaukee 1, Wisconsin. 
AC SPARK PLUG #2 THE ELECTRONICS DIVISION OF GENERAL MOTORS L- 
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( THEORETICAL 
HYDRODYNAMICIST 


Columbus Division of 
i North American Aviation 
| has an opportunity for a 
Hydrodynamics Specialist 

to conduct analytical re- 

search and development 
' studies in fluid dynamics 
and engineering hydrody- 
namics. The individual se- 
lected for this position will 
work with a small group of 
research and development 
specialists currently mak- 
ing significant advances in 
associated fields of fluid 
dynamics. Will initiate and 
direct theoretical studies of 
phenomena such as the in- 
ternal structure, acoustical 
properties and persistence 
of hydrodynamic wakes 
energy propagation and 
free surface effects, hydro- 
dynamic boundary layer 
control, flow noise, hydro- 
foil performance, etc. He 
will also provide consulta- 
tion to operations analysis 
and design engineers on 


practical problems associ- 

| ated with the design of hy- 


dronautic weapons systems 
and their utilization. 
Qualifications for this po- 
sition include an advanced 
degree or equivalent expe- 
rience, demonstrated theo- 
retical capabilities and a 
keen insight into the hydro- 
dynamic problems associ- 
ated with future ASW and 
other waterbased systems. 
Send your resume to: 
North American Aviation 
: The Professional & Technical 
| Employment Office, 
Box UE 339 
4300 East Fifth Avenue 
Columbus 16, Ohio 
Attn: Mr. John Hitchcock 


All qualified appli- 
cants will receive 
consideration for 
employment without 
regard torace, 
creed, color, or na- 
tional origin. 


COLUMBUS DIVISION A 
NORTH AMERICAN AVIATION A 
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of the outgoing ping. Since reverber- 
ation is backscatter from essentially 
stationary objects, there is already 
some Doppler due to own ship’s mo- 
tion within the reverberation. Unless 
reverberation is processed before the 
operator hears it, he will hear a dif- 
ferent tone on each relative bearing 
he trains his beam to. In this type of 
sonar, some of which have been 
used by the Navy, absence of any 
Doppler shift indicates a beam as- 
pect target, while up Doppler shows 
something between a beam and bow 
aspect. However, in carrying out a 
search, the constantly changing pitch 
of the reverberation can become 
confusing to the operator. 

Most of today’s sonars have an 
Own Doppler Nullifier circuit built 
into them. This circuit changes the 
frequency of the beat frequency os- 
cillator slightly as the audio beam is 
trained, to eliminate the effect of 
own speed on the audio signal. The 
pitch of the reverberation then re- 
mains constant regardless of the di- 
rection in which the beam is trained. 
Interpretation of observed Doppler 
is slightly different in this type of 
sonar: it indicates range rate, rather 
than target heading. 


Use of the Doppler effect is not 
confined to detection and tracking 
equipment; weapons can make use 
of it in different ways. In any active 
acoustic weapon, circuits can be de- 
signed to react to Doppler. For ex- 
ample, a Doppler fuse could be pro- 
vided to fire a torpedo or depth 
charge warhead on a near miss. 

Referring to Figure 3, it is appar- 
ent that the Doppler shift becomes 
zero when the approaching source 
and receiver reach their closest point 
of approach. Simultaneously, the rate 
at which the Doppler shift is chang- 
ing is maximum. Either or both of 


Figure 3. Source and observer in mo- 
tion. Components of range rate pro- 
ducing (1) Up Doppler, (2) Down 
Dosaier. At some position between 
positions | and 2, S and O reached 
their closest point of approach and 
Doppler was zero. 


ae 


these effects could be used to sq 
of a fuse. At the same time, »ro. 
tection against firing at greater ‘han 
lethal range can be provided by set. 
ting some minimum rate of change 
of Doppler below which the weapon 
will not fire. 


Another use to which Doppler may 
be put is in target indentification, 
By proper setting of Doppler detec. 
tection circuits, a weapon could be 
made to ignore any contact whose 
Doppler does not indicate a speed 
above some set lower limit, or to 
ignore a target at too high a speed, 
if this were desirable. 


Other potential uses for the Dop- 
pler Effect lie in the fields of navi- 
gation and minehunting. Analysis of 
Doppler Effect from bottom rever- 
beration could lead to an accurate 
shallow-water log. Adaptation of the 
principles used in moving target 
indicator radars to a mine-hunting 
sonar might result in a cleaner pre- 
sentation of bottom-laid or moored 
mines through the elimination of 
surface clutter. 


The Doppler Effect must always be 
borne in mind in designing any 
sonar. Since background noise is dis- 
tributed over the entire acoustic 
spectrum, a considerable amount of 
unwanted noise can be eliminated 
simply by using the narrowest band- 
width possible. In some sonar de- 
signs, the Doppler Effect may be the 
limiting factor on bandwidth. For 
example, in the 20 kc region it was 
shown that the Doppler shift is about 
14 cycles per knot of range rate. If 
technological advances should ever 
make it reasonable to require that 
a sonar be capable of handling 50- 
knot opening or closing range rates, 
a 20 kc sonar would have to have a 
1400 cycle bandwidth. Similarly, a 
5 ke sonar would require at least a 
350 cycle bandwidth to accomodate 
this Doppler. 


The Doppler Effect is, so to speak, 
a bonus effect in sonar. Submarines 
can be detected and attacked suc- 
cessfully without ever considering 
Doppler, and acoustic weapons can 
operate effectively without any Dop- 
pler information. On the other hand, 
since Doppler is present, free of 
charge, in any relative situation, the 
designer of sonar equipment should 
always be considering whether his 
gear might not be improved if he 
took advantage of its presence. * 


Opinions or assertions contained 
herein are the private ones of the 
writer and are not to be construed 
as official or reflecting the views of 
the Navy Department or the naval 
service at large. 
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new products 


Thermoelectric Module 


Sela Electronics Company has announced a 
new Sela CORON thermoelectric module for 
temperature regulation and power generation. 
Among the unlimited uses of the CORON are 
cooling or heating of electronic systems and 


components, laboratory equipment, and com- 
pact underwater units, as well as reliable 
maintenance of constant temperature. The 
units are available in 1, 2, 4 and 8 couple 
— in encapsulated or non-encapsulated 
lorms. 
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Hi-Lok Fasteners 


Hi-Shear Corp. is manufacturing self-locking 
fasteners for use in current submarine con- 
struction and repair work. Basically a threaded 
fastener, it includes a threaded pin and a 
self-locking threaded collar. 
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Roll, Pitch & Yaw 


Five models of Angular Accelerometers for 
sensing roll, pitch and yaw cover a range of 
0.5 to 500 rad/sec*. Flexure pivots eliminate 
hysteresis for better resolution of the Dy- 
namic Measurements Co. units. 
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“Lie-Down” Relay 


Designed primarily for component board 
use, a new micro-miniature relay with a seated 
height of only 0.45 in. has been introduced 
by Babcock Relays. The unit features plug-in 
terminal design. 
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\-Fin Carrier 


The collection of reliable data from the 
Oceans may be expedited by the use of the 
Y-Fn (Vehicle for INstrumentation) developed 
by Braincon Corp. The fiberglass submarine 
ca’ ‘ier, weighing 142 pounds, carries all in- 
St’ mentation in a watertight compartment. 
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Subminiature Switch 


A line of subminiature, precision, snap- 
action switches has been announced by Fan- 
steel Metallurgical Corp. A unique “cricket” 
action used in the contact-carrying leaf spring 
of the switch achieves uniform stress and re- 
duction in metal fatigue. 
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Transducer 


A new transducer for sea water tempera- 
ture measurement is being produced by Trans- 
Sonics, Inc. Calibration is expressed as mu/v 
versus temperature over the range of —5°C 
to +30°C. 
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Plastic Conductor 


A new plastic material, developed by Mesa 
Plastics, has very near'y ideal conductive prop- 
erties in direct contradistinction to the nor- 
mal concept of plastics. Ideal for flush-surface 
printed circuits. 
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Sonar Pinger 


A sounding device, produced by Edgerton, 
Germeshausen, & Grier, Inc., is designed to 
measure distances between the ocean floor 
and oceanographic equipment such as a grab, 
or a camera. With an accuracy to within 3 
feet, the Pinger has been used successfully 
at depths greater than 4 miles. 
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““Stamp-Size”’ Relay 


The Series MM-22 microminiature relay, 
manufactured by Automatic Electric, incorpo- 


rates a number of unique features in order 
to maintain reliability. Minimum contact life 
is 100,000 operations at 3 amps. 
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Salt Spray Chamber 


Wyle Labs announced a new self-contained, 
automatically controlled salt spray chamber. 
The fiber-glass-resin test compartment is 9 
cu. ft. and has a water seal around the cham- 
bers top edge to prevent salt fog from 


seeping out. 
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Engineers, 


Translate 
Non-Classical 
Techniques 
Into Advanced 


Underseas 


Warfare Systems 


SAMPLE PROBLEM: How do you 
achieve maximum information 
transfer in an undersea commu- 
nications system capable of 
being used by two submerged 
missile-firing submarines —with- 
out a third submarine stationed 
in between being able to detect 
their presence? 

Secure Undersea Communications — 

One of the Many Aspects of 

ASW Presenting Technical Problems 
of Major Dimensions 


With anti-submarine warfare en- 
tering a critical new era, projects 


now in progress at Heavy 
Military Electronics —— 
offer a broadening challenge to 
men who can conceive 


ply original technology for: 
Long-Range 
Search Sonar Systems 
% Mine Warfare Sonar Systems 
% Doppler Sonar Systems 
% Diverse Undersea 
Communications Systems 


If you are interested in the grow- 
ing complexity of sonar and ASW 
technology, you are invited to 
look into the many opportunities 
for advanced engineering in this 


field with HMED. 


Positions at Several Levels 


Write to— 
Mr. George B. Callender, 
Div. 145-BMG 


Heavy Military Electronics Dept. 
GENERAL @® ELECTRIC 
Court Street, Syracuse, New York 
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FROM HONEYWELL . . . 


Built-in reliability and 
uniformity for 
ceramic transducers 


= a, 


wen 


Specialized production techniques at Honeywell have 
resulted in lead zirconate/titanate and barium titanate ceramic 
transducers with greater reliability and uniformity. 


Honeywell's skill in custom-building piezoelectric ceramic elements from 
lead zirconate/titanates and barium titanates of varied pi€zoelectric properties 
lets you select units keyed to your exact needs. This selectivity can provide for 
greater range in sonar systems, improved operating efficiencies, lower dielec- 
tric losses at high AC driving voltages, high electro-mechanical coupling and 
excellent aging characteristics. 

To meet the demands of modern underwater scanning systems, Honeywell 
established a ceramics facility devoted to building lead zirconate/titanate and 
barium titanate transducers. Ceramic parts for transducers can be produced 
to dimensional and electrical tolerances to meet your requirements. 

Honeywell transducers are built in a wide variety of shapes and forms, 
and are available in quantity and economy consistent with long experience 
in quality units. 

Honeywell's ceramic skills are backed by 76 years of corporate leadership 
in the field of control concepts and the design of systems, instruments and 
computers for a multitude of commercial, industrial and military applica- 
tions. For further information regarding Honeywell piezoelectric ceramic 
transducers, write Honeywell, Dept. UW-7-129, Minneapolis 8, Minnesota. 
Sales and Service offices in all principal cities of the world. 


Honeywell 


SiInCE 18666 


3-Axis Accelerometer 


A hermeticaliy-sealed 3-axis linear acc aler. 
ometer, with range capability from +26's to 
+2006G’s, is available from Humphrey, Ine. 
The device measures 21% in. in diam. and ? 
in. high, and weighs 10 ounces. 
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Gyro Tester 


A frequency response test fixture, Model 
FRO1, produced by Humphrey, Inc., provides 


for dynamic tests on rate gyros. integrating 
gyros and accelerometers. Speed range is 
rom 1 to 25 cps. 
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Inclinometer 


Braincon Corp. has announced a new Type 
109 Inclinometer which measures the tilt or 
inclination of submerged objects. Angle meas- 
urements can be made from 5° to 35° with 
tolerances of 1° or less. 
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POLARIS-MINDED! 


Miniature sub in plastic 
—ideal gift for you. $4.95 pp 


or: 
3 subs (USS George Washington) 
mounted on teakw 

base, 2 pens $7.95 pp 


TIE CLIP $2.50 pp 


taxes inc. allow 2 wks. 
for delivery, order now! 


FRONTIER 
318 Cherrywood Street 
West Covina, California 

ED 2-8366 
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Static Inverter 


Arcold Magnetics announces a series of 
miniature oil-filled power supplies which main- 
tain high efficiency at —— low power 
levels in applications up to 10 kv. Units op- 
erate at a minimum of 50 per cent efficiency 
at 3 watts. 
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Underwater Recorders 


Alden Electronic & Impulse Recording 
Equipment Co. recently developed a depth 
recorder (up to 4000 fathoms), and a high 
resolution underwater sound recorder. Both 
units are helix recorders which provide print- 
out on sensitive paper by ion deposition. 
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Sound Level Meter 


H. H. Scott, Inc. announces a new sound 
level meter, which operates over the wide 
frequency range of 5 cps to 30 KC, and is 
powered by two batteries and a single bias 
cell. A ceramic microphone allows it to be 
used in temperatures from 0 to 170 degrees. 
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Silicon Micro-Diodes 


The General Instrument Corp. announces 
the availability of a series of silicon micro- 


diodes for computer and general purpose ap- 
plications. Peak inverse voltages range from 
volts, with power dissipation of 
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“Noiseless’’ Transducer 


A new piezoelectric transducer—85 per cent 
quieter than most conventional transducers— 
is being manufactured by Mirax. The unit can 
measure shock velocity, blast pressure, wave 
durations, force and other parameters. 
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Fastest Voltmeter 


_ Reported to be the fastest multi-purpose 
instrument in its accuracy class is a transis- 
torized full five-digit voltmeter-ohmmeter from 
Non-Linear Systems. All control functions can 
be remotely operated. 
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Pressure Cell 


A general purpose pressure cell, for precise 
measuring of fluid pressures in a wide range 


At applications, has been introduced by Bald- 


win-Lima-Hamilton Corp. Rugged construction 
assires long-term stability. 
Circle Reply Card No. 118 


M-sa Transistor 


A high-speed NPN silicon epitaxial mesa 
Swi ching transistor has been introduced by 
Mo’ rela Semiconductor Products, Inc. One of 
the fastest switching transistors, the unit has 
a | pical -~ 4 time of 16 nano-seconds. 
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COMPLETE 
CAPABILITY 
CERAMICS 


U. S. SONICS 


CoO 8 @ 2 A 


¢ an enthusiastic creative research and engineering 
group. 


* a manufacturing group with proven abilities. 


ACCOMPLISHMENTS INCLUDE: 


~“ Ceramic and zirconate elements and devices for 
hydrophones, depthfinders and underwater sounding 
and communication equipment. 


“ Ceramic tuned-frequency, narrow-band rejection and i-f 
filters in both standard and special designs. 


~“ Development of entirely new, extraordinary energy 
conversion materials and devices possessing efficiencies 
well beyond those of currently available thermoelectric 
materials. 


INQUIRIES WILL BE WELCOMED from scientific and engi- 
"neering personnel interested in working in the above areas. 


U. S. SONICS. corporation 


63 ROGERS STREET 
CAMBRIDGE 42, MASSACHUSETTS 
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THE NAME 
TO LOOK FOR 

IN ELECTRICAL“. 
CONNECTORS 


for underwater systems and instrumentation 


What makes the name JOY so special in the field of underwater electrical 
connection? Consider the engineering, construction and performance of 
these connectors and you'll have the answer. 


Construction: connector is molded to cable to form a Py Beata acaiaas inti- 
mately wedded unit. 


Material: resilient, durable, highly resistant to shock, vibration and other 
severe treatment. 


Wotertightness: these connectors continue to perform even after three or 
more years of continuous submersion. Portable connectors can operate 
at pressures to 20,000 psi, bulkhead connectors and receptacles for 10,000 
psi and over. 


Versatility: they’re adaptable to a host of marine applications — sonar, 
sono buoys, surface scanners, bathyscaph, hydrophone, ship-to-shore 
power, missile control and instrumentation. 


Range: from milliamps and volts to hundreds of amps and volts. 


For full information, write for Bulletin B78 or contact your local Joy sales 
. sue For —S answers to special problems, call J. E. Duff, Sales 
Manager, or G. C. Thym, Chief Engineer, at MIssion 5-6670, St. Louis. 


CD 661.1 
ELECTRICAL PRODUCTS 
1227 Macklind Ave., St. Levis, 
Exec. Offices, Henry W. Oliver Bidg. Pgh., Pe. 
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Filament Wound Subs 


Zenith Plastics Div of 3M Co. has made 
available a small brochure on structural fila 
ment wound submarines. Included is a p 
Plastics for Hydrospace “Ve 
icles. 
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Undersea Consultants 


Underwater Systems, Inc., acting as tech 
nical consultants for oe Undersea Technol- 
ogy, Inc., has release brochure covering 
their facilities and services. 
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Designers Handbook 


A comparative study of high-frequency sil- 
icon transistors, produced by 4 major man- 
ufacturers, has been published in a DESIGN. 
ERS HANDBOOK by the Semiconductor Div. of 
Raytheon. 
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Flat Cable 


Spectra Strip Wire & Cable has available 
literature on their new extensible cable. Cable 
can be supplied with any number of conduc- 
tors, nos. 10-30 AWG. Engineering charts are 
available. 
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Cable Capacitance 


A capacitance calculator, in the form of a 
nomograph, has been issued by GE's Wire and 
Cable Dept. User can estimate cable capaci- 
tance or conductor size and/or insulation 
wall thicknesses. 
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Thermoelectricity 


A bulletin entitled “The Coming Age of 
Thermoelectricity,” available from Harco Labs, 
Inc., points out the present state of this sci- 
ence and future applications. Specifications 
on Harco products are also included. 
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Thermo Electronic 


A 4-pa ie bulletin (No. 67), from Thermo 
Electric describes compact thermo elec- 
tronic self balancing indicators and indicator 
controllers. Included are operating principles, 
features, and applications. 
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Facilities Brochure 


Marotta Valve Corp. describes their engi 
neering, production and other facilities in @ 
pictorial 24-page brochure. The company man 
ufactures a variety of pneumatic and hydraulic 
control valves for missiles, submarines, etc. 
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“*Relay Terms” 


A booklet titled “Definitions of Relay Terms” 
has been published by the National Assn. of 
Relay Mfgs. The booklet also includes several 
figures of basic contact forms. 
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The election of Chester W. Nimitz, Jr. 
adm, USN, Ret) as a Vice President of the 
Perkin-Elmer Corp. and General Manager of 
its Instrumentation Div. was recently an- 
nounced. Mr. Nimitz, a former submarine 
commander, resigned from Texas Instruments, 
inc. to accept the position. 

Leo Botwin has been promoted to Assistant 
Chief Engineer of Norden Div/United Aircraft 
Corp. His new assignment will include direct- 
ing advanced military programs utilizing new 
techniques in radar, TV and navigational sys- 
tems. 

john C. Parham has been appointed Manager 
of Navy Programs for Motorola’s Military Elec- 
tronics Div. A graduate of the Naval Academy, 
Mr. Parham retired as Rear Admiral in 1959 
after 28 years of Naval service. 


PARHAM 


William R. Ryan has moved up from Vice 
President/Engineering to Executive Vice Pres- 
ident of Edo Corp. Mr. Ryan has participated 
in and directed the development of sonar 
equipment and sonar transducers. 

Capt. Thomas W. Rogers, USN (Ret) has 
joined the Wash., D. C., staff of Maxson Elec- 
tronics Corp. after 30 years in the Navy. His 
electronic experience is expected to assist 
Maxson in expanding their technical services 
in the D.C. area. ; 

Dr. Vee Chang Tsien has been appointed 
Technical Assistant to the Vice President of 
the Marine Equipment Dept. of Nortronics. 
Prior to —s Nortronics Dr. Tsien was re- 
sponsible for ICBM control systems develop- 
ment at Avco/Rad. 

Thomas M. Sullivan has been named chief 
of Undersea Warfare in Research & Engineer- 
ing Requirements (RER) at Tapco, a division 
of Thompson Ramo Wooldridge, Inc., after 
being associated with Fairchild Corp. for 18 
years. 

Bay State Electronics Corp. has appointed 

john Ohman as Head, Physical Sciences where 
he will be active in Bay State’s R&D program 
emphasizing oceanography and geophysical ex- 
perimentation. 
Modesto Matarrese has joined General Pre- 
cision as Program Coordinator of the Anti- 
Submarine Warfare efforts, Los Angeles Engi- 
neering Group. Mr. Matarrese was formerly 
Asst. Chief of ASW at the El Segundo Div. of 
Doug'as Aircraft. 
- Arthur J. Burgess, Jr., who was assistant 
project manager on the SUBROC missile sys- 
tem with the Naval Ordnance Lab, was ap- 
poin ed an engineering representative for Con- 
solicated Systems Corp. 

Aver 30 years of active service in the 
lav) Ca ugene Tatom has joined United 
Airc: aft Corp.'s Norden Div. as Chief—R&D. 
Expe ienced in ASW, submarine detection and 
undersea rockets, Capt. Tatom’s responsibil- 
ities will include activities in communications, 
Stat ization and navigation. 
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PROTECT 
UNDERWATER CIRCUITRY 
WITH SPECIAL BENDIX 
CABLES AND CONNECTORS 


Based on a concept developed by Portsmouth Naval Shipyard, 
special cable and connector assemblies offering maximum 
protection for underwater circuitry are now available from 
the Scintilla Division of The Bendix Corporation. 

These watertight assemblies are available in a variety of 
configurations. The specification covering this design stipulates 
that the cable and connector assembly must be capable of 
operation, mated or unmated; at high pressures. Connector 
receptacle shells are fabricated of non-corrosive metal. Con- 
nector plugs are sealed to the cables by watertight, pressure- 
tight molding. 

Bendix has a wealth of experience in fabricating cables and 
connectors for underwater applications. If you have needs in 
these areas—and want top quality at no premium in price— 
write today for complete information. 


BENDIX CONNECTORS | pesignad 
BENDIX CABLES... ‘work best together! 


Scintilla Division B® 


Sidney, New York CORPORATION 
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FIRST EQUIPMENT 
EVER BUILT FOR 


SPLICING 


COAXIAL CABLES 


Typical Splice Illustrated 


NOW YOU CAN SPLICE 
DAMAGED COAXIAL CABLES 
AS EASY AS YOU CAN 
SPLICE NEW LENGTHS 


DITTMORE-FREIMUTH CORP. 
2517 East Norwich Street 
Milwaukee 7, Wisconsin 
Phone HUmboldt 3-7724 
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LETTERS TO THE EDITOR 


Identification ..... 


To The Editor: 


We were glad to see you publish 
Kenneth Gentry’s article on the Sa- 
clant ASW Center in the May/June 
issue of UST (p. 32), except for the 
fact that you did not identify him 
in his new Motorola position. 


Cc. W. Bailey 

Advertising and Public Relations 
Dept. Military Electronics, Div. 
Motorola Inc. 


It was an oversight on UST’s part. 
Captain Gentry, well known in 
ASW circles, joined Motorola, Inc. 
after retiring from U. S. Navy in 
1960. He is responsible for planning 
and coordinating the Military Elec- 
tronics Div.’s Undersea Warfare and 
EMC Research and Development 
programs.—Ed. 


Oversubscribed 


To The Editor: 


Many thanks for passing on to 
me the May/June issue of UNDER- 
SEA TECHNOLOGY. 


ARM 


The best type of 
insulated cable to reel 
under tension. 


Ne.B 3400 | 
3-20 ga. 50 ohm co-ax. AaR\\ 
, 320 ga. unshielded 
16,000 Ib. strength 
$900.00 per M ft. 
dia. 


INQUIRE FOR OTHER CONFIGURATIONS. WRITE: , 


DUAL-CONCENTRIC GALVANIZED STEEL 


No. B 3415 

18 ga. tw. pr. 19 mmfd/ft. 
16,000 Ib. strength. .464 dia. 
$360.00 per M ft. 


No. B 3422 

18 ga. 50 ohm co-ax. 

16,000 Ib. strength. .464 dia. 
$400.00 per M ft. 


ector Manufacturing Company / 5616 Lawndale Houston, Texas 
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You are to be congratulated op 
an excellent publication, and [ an 
looking forward with interest to see 
forthcoming issues. We are just op 
the verge of working on some pro. 
grams in this field of endeavor, and 
will derive great value from seeing 
UST regularly. I am _ wondering 
therefore, whether it would be pos. 
sible for us to be placed on your 
circulation list. 


John Joss 
Assistant to the Vice-President 
Decca Navigator System, Inc. 


The above letter is just one sample 
of the multitude of similar letters 
arriving at our office daily. At the 
present time we have about 3,000 
qualified applications for our con- 
trolled unpaid circulation list, with 
a rather long waiting time. In the 
meantime, UST is available on a 
paid basis, at $4.00 per year or $7.00 
for two years.—Ed. 


Bemuddled Periscope! 


Dear Captain Nemo: 


I see by the “Heel and Toe Watch” 
in the May/June, 1961, issue of UST 
that SUBROC is undergoing live 
underwater firing tests at China 
Lake. I hate to disappoint an old 
seafarer such as you, Cap’n, but af- 
ter a dry winter the water level in 
China Lake is probably ten feet 
below the lake bottom! 


Oh well, one never does know 
what to expect next in the Mojave 
Desert. 


W. J. Werback, Analysis Branch 


Weapons Development Depart- 
ment 
U.S.N.O.T.S. 


China Lake, California 


P. S. We do not live in a houseboat, 
either. 


Our face, like the cover of the 
magazine, is red. It must have been 
sand bemuddling our periscope, or 
perhaps we just misread the state- 
ment from a friend of ours at Good- 
year. We also had another error 
this one a typographical slip—in 
stating the SUBROC would become 
operational in 1963. That should 
have, I hope, read 1962. Anyhow, 
we are glad to hear from you and 
to know that you read our maga- 
zine.—Captain Nemo 


P.S. Perhaps the source of our con- 
fusion was that you are conducting 
“dry runs” of underwater launches 
at China Lake! 


UNDERSEA TECHNOLOGY 


H 

T 

Thi: 

fine 

in 1 

Syn 

Sale 

ran 

| stru 

spe 

elec 

| at | 

nes: 

T 

mal 

kno 

P 

| 

inst 

wa) 

buil 

carl 

and 

J 

sup 

hyd 

say, 

P 

tic 

the 

Pac 

— 

SE 

PI 

PI 

OR ED CABLES 

M 

0) 

= At 

D) 

aN 

PI 

| 


Heel and Toe Watch 


This issue’s editorial takes off on the security system. 
This was done without malice of forethought. What 
finally set us off was the following item which appeared 
in the June 19 issue of U.S. Commerce Department’s 
Synopsis of U.S. Government Proposed Procurement, 
Sales and Contract Awards: 

“Acoustic tracking system to be capable of providing 
range and bearing information to surface or shore in- 
strumentation as well as to the submarines at submarine 
speeds up to 35 knots, installation and testing of all 
electronic instrumentations aboard the Laboratory Ship 
at Charleston, S.C.—Est. $164,255—International Busi- 
ness Machines Corp... ” 

This is the first official mention of submerged sub- 
marine speeds since President Truman said “over 20 
knots”. Now if someone will just give the Russians our 
operational depth .. . 

Project Moray has hit a snag: If all the gear that 
would be needed for such an interceptor type craft were 
installed, said craft would sink or get bigger. Either 
way it’s no good. This is much tossed about project to 
build miniature high speed submarines which would be 
carried about by a mother craft until ready to go out 
and do a specific seek and kill job. 

Just in case you missed it when it first was released, 
super-silent Thresher carries over 1,000 transducers and 
hydrophones installed along length of her hull. As they 
say, “She’s all ears.” 

Pacific POLARIS base will be constructed at Pearl 
Harbor. For the moment POLARIS is strictly an Atlan- 
tic type weapon. Meanwhile, REGULUS is holding down 
the submarine strategic bombardment mission in the 
Pacific. 


A puzzler the Navy would like to see solved: There 
may be an electromagnetic window in the ocean. Quite 
a few times over the last several years, surface ship 
radar has picked up and tracked submerged submarines. 
Phenomenon occurs without warning or explanation; 
ceases just as suddenly. Nobody has been able to come 
up with a “why” or a means of accomplishing this at 
will. For moment, freak is far too infrequent to have 
any tactical value, but if someone could find out why 
and how . 

Navy wants a weapon which will sink very slowly 
while searching both down and horizontally for a tar- 
get, and then take off for the attack. 

Navy’s encouraging American firms to participate in 
the North Atlantic Treaty Organization small submarine 
design competition. Even though U.S. figures it has to 
have big, rugged submersibles with far ranging staying 
power, it does think that small anti-submarine sub- 
marines will do a good job of protecting Europe where 
distances are shorter, supply bases closer. So far West 
Germany appears to be in the lead, with Italy and 
France pushing close on her heels. Britain is going the 
big boat route. U.S. Navy figures aircraft and missile 
design knowhow will pay dividends in this instance. 
Power plant will probably be based on fuel cells. 

Submarine production capacity of present U.S. yards 
is limited to 10 SS(B)Ns plus 10 SSNs a year, according 
to information released in this year’s appropriation hear- 
ings. 

BBR is the newest, highest security classification. It 
stands for “Burn Before Reading”! 

Captain Nemo 


NEW 
OPENINGS 


Professional Satisfaction 
SENIOR ENGINEER SPEC. $15,000 
Analysis and Proposals 
PROJECT ENG. STATE 
OF ART 15,000 
Techn. of Underwater Instru. 
FLIGHT TEST 
INSTRUMENTATION $15,000 
Oceanograph application 
PHYSICAL OCEANOGRAPHY 13,000 
and Water Sound 
ACOUSTICS 16,000 
SONAR 14,000 
PH.D. SOLID STATE PHYSICS 18,000 
M.S. SOLID STATE PHYSICS 16,000 


RELIABILITY 


ALL THE WAY 


When pilot Joe Walker 
pushed the X-15 32.12 
miles up for a record 
altitude last April, his 
success was reliant on 
his equipment 


The X-15 is the most advanced research aircraft to date. All its equipment is 
designed to take its pilot safely to the highest possible man-flown altitude— 
and to bring him safely back. 


HUMAN ENGINEER 16,000 
OPERATIONS ANALYSIS 15,000 
ASW SYSTEMS 15,000 
DIGITAL COMPUTER 

SYSTEMS 14,000 
ENGINEERING 

MANAGEMENT 18,000 } 
PH.D. or M.S. MATHEMATICS 17,000 


ENTIRE ASW FIELD COVERED 


Send resume with home phone 
and home address. 


Lew Musgrave 


Manager, Technical and Executive 


Monarch Personnel 
8 E. Jackson Blvd., Chicago 4, Illinois 
All fees and expenses paid 
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At Mech-Tronics our concern is not only for the mechanical and electronic 
reliability of components, but for the safety of the humans who must rely on 
their equipment. To these ends we are dedicated to serve in the fields of pre- 
cision metal fabrication and electronic assembly; to your specifications, one 
piece or a hundred. Write for our latest Facilities Brochure. 


Manufacturers of Aircraft and Missile Components: 


‘Mech-Tronics Corporation 


Southwest Division, Phoenix, Arizona 
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ADVERTISING OFFICE 

640 Washington Bidg. 

Washington 5, D.C. 
District 7-8570 


Shirley Mcintosh 
Manager— Advertising 


x*x*k 


REPRESENTATIVES 


Davis & Sons 
30 N. LaSalle Street 
Chicago 2, IIlinois 
FRanklin 2-9052 


W. Jj. Martin & Co. 
56 West 45th St. 
New York 36, New York 

YUkon 6-0636 


Albert W. Randle & Associates 
2404 W. Seventh Street 
Los Angeles 57, California 
DUnkirk 2-8980 


ALL ADVERTISING SUBJECT 
TO EDITORIAL APPROVAL 
PUBLISHED BY 


Sheffield Publishing Company 


640 Washington Building 
Washington 5, D.C. 
Telephone: District 7-8570 
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EXPLORING 
HYDROSPACE? Call WESTERN GEAR 


The engineers and scientists of our Systems Management Division, Space Materials Laboratories, are 
skilled at providing practical electromechanical equipment in answer to exotic problems created by the 
exploration of both hydrospace and outer space. Recent projects involved specialized equipment suitable 

° for sampling lunar soil and, at the other extreme, for hydrospace explorations. @ If you are perplexed by 
problems of the last earthly frontier, hydrospace, why not turn to us for help in solving your oceanographic 
problems? Consultation can be arranged conveniently and without obligation. 


WESTERN GEAR CORPORATION 
Systems Management Division 

P.O. Box 182, Lynwood, California 
Cable Address: WESTGEAR, Lynwood 


COPYRIGHT 1961 WESTERN GEAR CORPORATION 
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Outposts in Inner Space ., 


The vital experience which SIMPLEX Wire & Cable 

i Mi PLEX TU N KE applies to modern coastal defense problems 
gained over many years. SIMPLEX achievements 

range from the longiet submarine cable in the U. S. in 1899, to participa. 

CA PABI LIT] F tion in the first transoceanic telephone cable, completed in 1956. @ SIM- 
PLEX combines its skill in specialty product development with advanced 

systems coordination and laying techniques in providing TURNKEY capa. 

SO LVE ASW bilities for ASW installations. SIMPLEX power and communications sys 
tems are serving in all types of underwater environments. @ SIMPLEX oper 

ates the only plant in the United States built to manufacture submarine cable 


3 ki 0 S L J Mi S exclusively, and can design, develop, and produce single-length cable 1,000 feet 
to 1,000 miles or more. Assistance on specific problems furnished on request, 


WIRE & CABLE CO. 


Cambridge, Mass. « Newington, N.H. 
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